-Changes in the quality, quantity, and sustainability of flow from springs can affect the long-term health of biological communities and riparian habitats associated with these areas.
-Climate variability can affect spring flow and thus the riparian habitats associated with these areas.
-Ground-water pumpage from the Redwall and Muav Limestones south of Grand Canyon may affect spring flow. Spring flow from the south rim of Grand Canyon ( fig. 1 ) is an important resource in Grand Canyon National Park (GCNP). Springs offer refuge to endemic and exotic terrestrial wildlife species and help maintain the riparian areas associated with this resource. Recent real estate development on the Coconino Plateau ( fig. 1 ), a subregion of the Colorado Plateau south of Grand Canyon, has heightened the awareness of environmental groups, commercial developers, and resource managers to the importance of spring resources. Native Americans in the Grand Canyon region, such as the Havasupai Tribe, are concerned that ground-water pumpage may affect the spring resources. For Native Americans, springs are not only economically important but also culturally significant. (Johnson and Sanderson, 1968) . Faults and fractures, many widened by solution, create zones of secondary permeability that could be the primary controls of ground-water movement. Ground water in the south rim area and in the northern parts of the plateau generally flows toward the south rim and discharges at springs and seeps in Grand Canyon ( fig. 2 ). Springs and seeps typically occur at geologic contacts where water-bearing rocks are underlain by less permeable rocks. Large springs in the canyon are associated with regional faults. Very little is known about the movement of ground water through the rocks of the plateau; therefore, travel times to discharge points are unknown.
Population growth on the Coconino Plateau has raised concern about the potential demise of spring resources of Grand Canyon. Ground-water development near the communities of Valle and Tusayan, Arizona ( fig. 1 ), has prompted GCNP to monitor flow from selected springs along the south rim of Grand Canyon. Variability in spring flow can indicate stresses caused by ground-water development in the basins, or indicate changes in the regional climate.
Objectives of the Study
The objectives of the study are to: -Accurately locate and map significant springs issuing from the Redwall and the Muav Limestones.
-Describe the general water chemistry of springs.
-Verify the source of water discharging at springs and determine the approximate age of spring water.
-Measure spring-flow discharge.
In addition to data collection at springs, water samples are proposed to be collected from wells in Tusayan and Valle south of Grand Canyon. Wells in these communities tap the Redwall Limestone or Muav Limestone for water supply and are believed to lie in the path of ground-water flow to south rim springs. Analyses of water samples from these wells are critical for determining the sources and flow paths of water that discharges at springs along the south rim of Grand Canyon.
Physical Setting
The study area extends across the Coconino Plateau, an area of about 5,000 mi 2 in the southern part of the Colorado Plateau in northern Arizona ( fig. 1) , to allow collection of information on spring source areas and ground-water development. The Coconino Plateau extends from GCNP south to the Mogollon Rim, and from near Winslow northwest to the Hualapai Indian Reservation. Altitudes within the study area range from 12,500 ft at San Francisco Mountain to 2,400 ft on the Colorado River near Grand Canyon. The greatest rainfall occurs during the southwestern monsoon from mid-June to early October. Snowfall on the Coconino Plateau can be significant at higher elevations and accounts for the greatest portion of the total precipitation in these areas. The climate of the Coconino Plateau changes with altitude. Above 7,000 ft, annual precipitation varies from 19.1 in. on the Kaibab uplift ( fig. 1) to about 21 in. near Flagstaff (Sellers and others, 1986 ). Along the Colorado River, the climate is continental and arid. Precipitation ranges from 5.9 in. at Lees Ferry (river mile 0) to 9.1 in. at Phantom Ranch (river mile 86; Sellers and others, 1986 ).
Water-Bearing Units
The water-bearing units from which springs along the south rim typically issue are limestones and sandstones of Paleozoic age ( fig. 2) . Water in the Redwall and Muav Limestones is the primary source of spring flow along the south rim of Grand Canyon owing to faults and fractures (Metzger, 1961; Huntoon, 1974) . Below the Muav Limestone, the less permeable Bright Angel Shale acts as a physical barrier to downward movement of ground water from overlying rocks (Huntoon, 1974 (table 1) . Analyses of the stable isotopes of carbon ( 13 C and 12 C) are used to determine recharge areas. These isotopes are affected by photosynthesis and other biological and environmental factors (Drever, 1988) . The 13 C/ 12 C value in water is dependent on the isotopic composition of carbon dioxide in the soil (rock) at the recharge area and on reactions between the water and carbonate minerals along the flow path (Lopes and Hoffmann, 1997) . Strontium isotope data ( 87 Sr and 86 Sr) also help to identify flow paths. For example, water that receives recharge primarily through limestone has a heavier strontium composition (larger 87 Sr/ 86 Sr value) than water that receives recharge primarily through volcanic rocks. Data from the analyses of oxygen ( 1 8 O and 16 O) and hydrogen ( 2 H and 1 H) isotopes provide information about sources of recharge from rainfall or snowmelt and whether the recharge source has been affected by evaporation. Analyses of the radiogenic isotopes of carbon ( 1 4 C) and hydrogen ( 3 H, tritium) are used to determine ground-water age, which can be used to infer travel times along ground-water flow paths. Carbon-14 has a half-life of 5,730 years, and tritium has a half-life of 12.3 years. Large amounts of both were released into the atmosphere during testing of nuclear weapons during the 1950s and 1960s (Fritz and Fontes, 1980) . Baseline water chemistry determined from analyses of major ions and other constituents can allow future studies to measure changes in chemistry over time and potentially identify factors responsible for the changes. Concentrations of trace and rare earth elements also can potentially provide information useful for identifying recharge areas. Nutrient analysis provides information on the general water quality of the spring water. Blue Spring, Red Canyon Spring, JT Spring, Miners Spring, Cottonwood Spring, Grapevine East Spring, Grapevine Main Spring, Lonetree Spring, Sam Magee Spring, Burro Spring, Pipe Spring, Pumphouse Spring, Horn Creek, Salt Creek Spring, Monument Spring, Hawaii Spring, Hermit Spring, Boucher East Spring, Mohawk Spring 
